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FOREWORD 


TMs  technical  report  represents  the  author's  views  and  opinions 
concerning  use  of  composite  materials  (Sandwich)  In  the  construction 
and  fabrication  of  mobile  military  shelters.  The  discussions  within 
this  report  are  applicable  to  shelters  that  require  attached  mobilizes 
which  do  not  fully  support  the  shelter  underside.  These  are  predominantly 
In  use  today  and  apparently  will  be  used  In  future  programs. 

The  Information  herein  contained  reviews  the  oeneral  oast  history 
of  sandwich  construction  and  Incorporates  observations  of  past  proorams 
which  revealed  specific  difficulties  and  deficiencies  of  construction. 

This  report  Is  Intended  to  be  used  as  a  guide  for  those  organizations 
which  have  a  need  for  lightweight -high  strength  shelters.  It  Is  not  the 
Intention  of  this  article  to  degrade  any  specific  construction  techniques 
but  rather  to  point  out  construction  areas  of  vital  concern  which  should 
be  critically  considered. 

This  report  Is  oriented  to  construction  requirements  that  must  be 
tailored  to  specific  military  specification  parameters.  All  applicable 
techniques  presently  In  use  today  may  not  be  specifically  discussed  In 
the  report,  however,  observations  to  date  definitely  Indicate  particular 
shortcomings  In  design. 

Progress  in  sandwich  construction  today  Is  extremely  competitive, 
and  use  of  new  materials  and  adhesives  may  offer  end  Items  which  are 
both  reliable  and  efficient. 

Document  contains  Information  embargoed  from  release  to  Slno-Sovlet 
Bloc  Countries  by  AFR  400*10,  "Strategic  Trade  Control  Program." 
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ABSTRACT 


The  need  for  transppirtab1«  shelters  today  1$  quite  apparent  as  one 
considers  the  complexity  of  systems  requirements  In  the  field  of  comini- 
cations,  reconnaissance,  and  Interpretation.  Field  use  of  such  units 
requires  exceptional  strength  while  possessing  optimum  llqht weight 
characteristics.  Sandwich  construction  offers  these  characteristics. 

The  common  cores  presently  In  use  are  paper  honeycomb  and  modified 
polyurethane  foams.  Both  types  of  cores  are  In  use  and  both  types 
of  construction  exhibit  some  poor  qualities  that  are  Inherent  In  each. 

Hie  author  wishes  to  point  out  the  principal  design  parameters  that 
should  be  of  concern  to  those  Interested  In  details  of  such  type  con¬ 
struction.  The  best  criteria  of  shelter  evaluation  is  an  established 
test  program  followed  by  visual  observations  after  field  usage  relative 
to  operating  time.  The  presentation  herein  Includes  the  twc  basic 
panel  constructions  (honeycomb  and  foam),  their  merits  and  limitations, 
their  application  and  design  requirements  within  the  state-of-the-art 
today.  Strictly  speaking,  the  foam  construction  with  structural  mem¬ 
bers  Is  not  In  the  true  sense  a  sandwich.  It  Is  a  combination  sand¬ 
wich,  and  Internal  members. 
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SECTION  A 
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SECTION  B 

SHELTER  CONSIDERATIONS 


1.  OBJECTIVE 

The  Major  considerations  that  must  be  taken  Into  account  when 
considering  honeycomb  sandwich  design  are  the  HATER  ENTRAPMENT  and 
delamlnatlon  problems  that  may  occu^  after  constant  field  applica¬ 
tion.  Recognizing  that  failures  and  unsatisfactory  field  reports  do, 
at  tines,  conflict  with  theoretical  design  predictions,  the  need  for 
test  program  become  apparent.  Inasmuch  as  the  use  of  Kraft  paper 
honeycom  type  cores  appear  to  be  coating  back  Into  shelter  use.  It  Is 
completely  Justifiable  that  users  fully  realize  the  damaolng  effects 
of  water  In  paper  honeycomb  cores.  It  should  be  stressed  however, 
that  paper  honeycoMb  cores  can  be  efficiently  used  In  a  multitude  of 
various  applications.  Minor  as  well  as  major  differences  In  design 
capabilities  will  be  brought  out  In  a  later  section. 

Both  honeycomb  and  plastic  foam  cores  are  herein  discussed  to 
acquaint  the  reader  with  previous  performance  characteristics.  With¬ 
out  proper  design,  quality  control,  testing,  and  field  evaluation 
over  a  given  period  of  time,  certain  risks  are  being  taken  that  can 
substantially  Increase  Initial  manufacturing  costs  by  virtue  of  re¬ 
quired  Increased  maintenance.  The  major  problem  with  sandwich  honey¬ 
comb  would  most  likely  be  HATER  MIGRATION  which  Is  not  Inherent  In 
the  unicellular  foam  type  panels.  Sow  uncertainty  and  risk  Is  en¬ 
countered  when  Individuals  believe  that  panels  can  be  manufactured 
and  guaranteed  to  be  hermetically  sealed,  and  maintain  that  seal 
under  all  environments  and  Imposed  mobile  conditions. 

2.  HISTORY 

The  Introduction  of  highly  mobile  lightweight  shelters  Into  the 
military  Inventory  to  house  ground  electronic  equipment  required  de¬ 
sign  considerations  of  the  physical  forces  that  deployment  mid  usage 
dictate:.  The  mobility  requirements  for  shelters  often  expos*  these 
units  to  cyclic  and  secondary  stresses  sdtich  are  Important  In  structural 
work.  The  bonding  of  a  variety  of  meterlals  to  produce  a  sandwich  In¬ 
variably  Imposes  Important  roles  on  the  use  and  type  of  adhesives  In¬ 
volved.  The  final  Item  must  be  of  a  durable  nature,  somewhat  elastic, 
and  possets  high  retention  of  Its  shape  and  size.  Careful  consideration 
of  details  Is  therefore  required  In  the  design  so  that  the  sandwich 
structure  (shelter)  functions  so  as  to  meet  present  military  specifica¬ 
tions.  The  application  of  forces  to  such  structures,  which  tend  to 
produce  cracks  or  separation  permitting  the  entrance  of  water.  Is 
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likely  to  lead  to  significant  damage  that  may  eventually  become  a 
substantial  failure.  The  availability  of  new  materials  or  new  forms 
of  old  materials  such  as  a  sandwich  structure  led  to  development  of 
lightweight  military  shelters.  The  so  called  helicopter  Hftable 
shelters  were  originally  designed  around  1953.  At  that  time  various 
companies  strongly  competed  in  the  shelter  manufacturing  arena.  Initial 
structural  success  was  not  Immediately  obtained  till  after  exhaustive 
testing  periods.  During  the  period  of  evaluation  of  various  types  of 
shelters,  the  use  of  foam  over  honeycomb  was  generally  adopted  as  the 
material  most  likely  to  meet  with  success  following  disclosure  of 
particular  consistent  panel  failures.  Generally,  water  absorption 

-  into  paper  honeycomb  type  panels  was  quite  evident.  Consistent  ^la¬ 
mination  was  prevalent  which  was  a  direct  result  cf  deterioration  of 
the  honeycomb  core.  Examples  of  panel  failures  were  observed  on  a 
honeycomb  Aeronca  shelter  which  was  tested  at  RADC.  A  prototype 
modular  shelter  of  honeycomb  also  possessed  Inherent  delamloatlon 
problems.  Project  Four  Wheels  also  contributed  to  the  general  taring 
from  honeycomb  to  foam  core  types.  Detrimental  water  absorption 
effects  In  honeycomb  were  also  evidenced  at  FROL  and  at  USASR0L. 

To  emphasize  the  Injurious  effect  of  moisture  on  honeycomb,  an 
actual  case  was  reported  as  follows: 

During  dehumidification  tests  on  an  environmental  controller, 
a  Project  Two  Wheels  shelter  was  used  as  the  controlled  area.  The 
shelter  had  been  used  in  the  field,  but#»wed  no  evidence  of  panel 
damage.  The  panels  were  constructed  of  honeycomb  paper  sandwich 
between  aluminum  skins. 

The  specific  test  being  conducted  was  to  maintain  80*F  and 
50*  Relative  Humidity  In  the  shelter  with  an  outside  ambient  of 
♦125*F  and  29%  Relative  Humidity.  The  environmental  controller 
reduced  the  sensible  heart  temperature  to  the  repaired  +S0F,  but 
the  rrl stive  humidity  would  not  reduce  to  the  required  SOX,  Con¬ 
densate  fro*  the  evaporator  was  flowing  throagh  the  overflow  pipe, 
but  the  Relative  Humidity  remained  constant.  The  environmental 
controller  was  cwgoletely  checked:  Refrigerant  pressures,  blower  RP* 
and  the  expansion  valve.  All  were  within  ope rati no  tolerance.  The 
only  source  of  moisture  left  was  In  the  shelter  itself.  Pawls,  teams, 
access  ports,  etc;,  were  examined  without  disclosure  of  any  abnormal 

♦  condition.  Finally,  a  bole  of  approximately  2  inches  In  diameter  was 

-  bored  through  the  outside  skin  of  a  wall  panel.  Investigation  showed 
that  the  honeycomb  material  was  saturated  with  moisture  and  enabled 
under  minor  hand  probing  movements.  Water  was  visibly  present. 
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Nu  attempt  nk  trade  to  explain  hw  the  material  became  saturated 
but  sbbstftutlon  of  another  like  shelter  resulted  In  achievement  of 
the  required  Inside  conditions. 

Such  results,  and  other  similar  Information  gathered  at  the  time, 
•^suited  In  3  tendency  to  use  foam  as  the  basic  core  material  Instead 
of  pursuing  the  use  of  honeycomb,  foam,  being  unicellular,  exhibited 
no  appreciable  eater  absorption  clenches  and  possessed  high  1n- 
sulatlve  characteristics. 

Foam  has  been  used  to  a  greater  extent  until  recent  resurgence  of 
?*se  of  honeycomb.  He*  isfieslves  and  better  control  techniques  used 
today  may  therefore  at  some  Hms  contribute  to  *, access ful  honeycomb 
shelters.  Tine  and  usage  say  prove  their  fuil  potential;  however,  the 
use  of  foam  construction  Is  reo? amended  until  such  tine  as  honeycomb 
units  are  standardized.  The  foam  units,  as  being  produced  today,  offer 
the  most  advanced  lightweight  high-payload  mechanical  structure  designs 
and  techniques  which  have  successfully  proven  their  ability  In  field 
service  operations  of  all  kinds.  This  -type  of  monolithic  construction 
made  of  aluminum  skins  bonded  continuously  with  epoxy  resin  and  welded 
to  an  Integral  frame  Is, to  date,  the  best  possible  lightweight  structure 
meeting  most  of  the  severe  test  requirements  of  military  specifications. 

The  use  of  other  shelter  panel  constructions  has  been  quite  limited. 
Balsa  cores,  sponge  rubber  type  cores  and  even  the  well-known  honeycomb 
core  panels  have  not  been  predominantly  used  for  shelter  applications. 

As  a  result  of  the  many  test  programs  conducted  In  the  early  years  of 
evolution  of  these  shelters,  nerfowance  requirements  today,  for  almost 
any  shelter,  revolve  around  specification  MIL-S-52059. 

3.  PRESENT  DESIGN  CRITERIA 

Requirement.*  for  transportable  shelters  which  house  all  sorts  of 
equipments  Involved  In  coownl cations,  reconnaissance  and  Intelligence, 
and  data  processing,  are  normally  established  by  the  military  users  In 
conjunction  with  engineering  assistance  from  appropriate  government 
agencies.  The  ha rows re  that  Is  normally  produced  as  a  result  of 
specifications  developed  from  reoulromnts,  Improves  with  time  and 
usage.  As  deficiencies  develop,  the  particular  problems  are  dealt 
with  accordingly  ana  Improvements  are  made  through  specification 
changes.  Current  specifications  un  $  iters  are  therefore  an  accumula¬ 
ted  rtflr  of  Initial  work  which  was  governed  by  structural  en¬ 
gineering  analysis  based  on  engineering  assumptions.  These  specifica¬ 
tions  for  shelters, as  we  know  them  today,  are  optimum  in  design  and 
possess  stringent  requi foments  that  we  know  can  be  met.  A  list  of 
these  requirements  Is  presented  so  that  the  reader  way  be  ewe  ac¬ 
quainted  with  the  governing  factors  that  contribute  to  an  essentially 


reliable  shelter  as  dictated  by  current  requirements.  These  re¬ 
quirements  may  differ  slightly  for  the  different  services?  however 
they  are  a  representative  sample  of  the  basic  design  needs  to  satisfy 
most  users. 

Four  basic  requirements  must  generally  be  fulfilled  In  the  actual 


design? 

these  are  as  follows: 

a. 

Structural  Design 

b. 

Thermal  and  Noise  Transmlsslblllty 

c. 

Electromagnetic  Shielding 

i. 

Transportability 

Structural  Design 

There  are  several  types  of  loads  that  are  Imposed  on  shelters 
which  they  must  withstand  without  degradation.  These  loads  are  the 
static  loads  Imposed  by  Ice  and  snow  and  the  Internal  equipments  and 
also  the  static  and  dynamic  loads  caused  by  constant  and  buffeting 
winds.  Included  also  are  the  more  critical  dynamic  loads  encountered 
in  transportation.  These  transportation  loads  will  be  reviewed  under 
the  transportability  section. 

The  following  requirements  are  therefore  those  which  have 
been  established  and  are  consistently  used: 

(1)  Ice  Load  -  2  Inches  of  glazed  nee  measured  radially 
to  all  exposed  surfaces. 

(2)  Snow  Load  -  40  pounds  per  square  foot  (normally 
applied  to  roof  surfaces). 

(3)  Hind  Load  -  87  knots  (100.14  mph)  unguyed  and  109 
knots  guyed. 

(4)  Floor  Load  -  150  lb/per  square  foot  (uniformly 
distributed)  and  250  1b  concentrated  loads  (specified  over  a  small  area). 

This  floor  loading  Is  commonly  used  for  shelters  In  the 
8'  x  8*  x  12'  size  and  has  been  established  for  payloads  up  to  5000 
lbs.  The  floor  load  specified  can  adequately  support  14,400  pounds 
without  my  consideration  of  factor  of  safety  Involved  for  the  size 
shelter  Indicated.  It  was  evident  that  equipments  within  these  units 
normally  approached  these  loads  and  therefore  set  this  criteria, 
supported, of  course, by  physical  tasting. 
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It  should  bt  noted  that  In  the  wind  load  requirement,  the 
specification  of  87  knots  for  the  unguyed  condition  Is  slightly 
Misleading.  The  condition  that  actually  determines  whether  guying  or 
anchoring  Is  required  is  the  resisting  moment  to  overturning.  The 
resisting  moment  Is  a  function  of  the  equipment  load  and  center  of 
gravity  within  the  shelter.  If  the  load  Is  light,  then  Invariably 
guylno  my  even  be  necessary  at  wind  loads  of  say  60  knots. .  Sliding 
my  also  occur  when  total  loads  are  evaluated  against  wind  loads.  Air 
In  Motion  possesses  considerable  kinetic  energy  and  Is  usually  defined 
as  the  product  of  one-half  the  air  density  and  the  square  of  the  re¬ 
sultant  design  velocity  (In  this  case  100  mph).  To  Illustrate  the 
force  exerted  on  the  side  wall  of  an  8*  x  12'  shelter,  the  wind 
pressure  nay  be  calculated  from  the  mathematical  expression 

Pw  +  ,0042  V*  where  V  is  in  mph 

This  expression  takes  care  of  the  shape  coefficient  and  its  simple 
deviation  Is  not  Included.  However,  the  constant  .0042  is  a  generally 
accepted  conversion  factor  for  flat  plates  as  exhibited  by  a  shelter 
wall  96  square  feet  In  size. 

It  Is  readily  seen  that  for  a  100  mph  wind  the  exerted  pressure 
per  square  foot  Is  considerable: 

Pw  •  .0042  x  TO31 2 3  «  42  lb/ft2 

which  leads  to  a  4032  pound  force  acting  on  the  96  square  feet  of 
exposed  wall  surface. 

For  world-wide  use  application,  the  structure  should  withstand 
temperatures  cf  -65*F  to  +160°F  and  inherently  must  possess  resistant 
characteristics  to  salt  fog,  fungus,  sunshine,  sand  and  dust  and 
humidity  as  specified  In  MIL-STD-810. 

In  summation,  and  In  addition  to  requirements  of  mobility,  en¬ 
vironment,  electrical,  etc.,  the  mechanical  requirements  are  numerous 
and  severe  and  must  be  met  under  all  kinds  of  conditions  the  equip¬ 
ment  may  encounter.  These  requirements  as  employed  under  most  military 
specifications  Include  such  tests  as: 

(1)  Shelter  drops;  flat  side,  comer  and  rotational  at  (a) 

Room  temperature,  (b)  low  temperature  (-65*F)  and  (c)  high  temperature 
(160*F). 

(2)  Transportability 

(3)  Rail  Transport 
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(4)  Vehicular  Transport 

(5)  Three-point  suspension 

(6)  Fording 

(7)  Air  Tightness 

(8)  Overall  coefficient  of  heat  transfer 

(9)  Lifting  and  towing  eye  tests 

(10)  Door,  roof,  access  steps,  hardware  and  mounting  member 
load  tests. 

Thermal  and  Noise  Transmlsslblllty 

The  overall  "UM  factors  that  are  obtainable  today  generally 
range  from  0.30  to  0.35  Btu/hr./sq  ft./*F  and  are  a  function  of  the 
shelter  design  with  respect  to  materials  used.  Honeycomb,  when  filled 
with  shredded  foam,  may  attain  these  exact  foam  values.  The  number  of 
openings,  louvers,  doorways.  Inlets  and  other  functional  features  does 
have  an  effect  on  the  overall  heat  transfer  value  when  comparlnq  shelters. 
It  Is  obvious  that  the  better  the  Insulating  medium  and  the  lower  the 
overall  "U"  factor  of  the  structure, the  less  heat  will  be  gained  or  lost 
to  the  external  air  and  In  effect  will  reduce  the  problems  of  temperature 
control . 

The  transmission  of  noise,  both  within  and  external  to  the 
shelters,  always  poses  a  difficult  problem  to  cope  with.  The  con¬ 
fined  areas  generally  associated  with  shelters  and  the  emitted  noises 
are  a  consistent  source  of  aggravation  to  the  human  operators.  Noise 
will  be  simply  treated  In  another  part  of  this  report;  however,  for 
Information,  Interior  shelter  noise  level  requirements  are  presently 
restricted  to  those  shown  In  Table  A  below: 

TABLE  A 

NOISE  LEVEL  REQUIREMENTS 

0  Octave  Band  Center  Octave  Band  Sound  Pressure  Levels 

Frequencies  (cps) _  (In  Decibels  Ref  0.0002  dynes/ cm*) 

63 
125 
250 
500 
1000 
2000 
4000 
8000 


87 

77 

68 

61 

58 

55 

53 

52 
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Requirements  for  shielding  generally  vary  based  on  the 
need  for  shielding  resulting  from  the  type  of  operation  belnq  per¬ 
forated  .  Shielding  Is  usually  required  to  protect  equipment  within 
thi  shelter  from  asternal 1y  generated  signals  or  to  protect  Internally 
generated  signals  from  being  emitted  out  of  the  shelter.  Shelters  are 

rertlly  shielded  to  at  least  60  db  over  a  frequency  range  of  15p  KC 
10,000  megacycles.  This  Is  Inherently  obtained  through  todays  con¬ 
struction  techniques.  Higher  attenuation  requirements,  however,  will 
impose  greater  penalties  such  as  Increased  weight  and  cost.  It  Is 
felt  that  equlpamnt  shielding  with  a  moderate  demano  on  shelter  shielding 
would  be  more  effective.  Shielding  characteristics  are  highly  vulner¬ 
able  to  change  since  continuity  of  external  skins  and  door  closure 
pressures  (2tips1)  MUST  BE  maintained  at  all  times.  Shielding  also  In¬ 
corporates  use  of  filters  and  necessary  attenuation  required  for  all 
openings  Including  cable  Interconnections,  and  junction  areas. 

Shielding  requirements  are  covered  under  MIL-STD-285. 

Transportability 

Transportability  requirements  perhaps  impose  the  severest 
of  actions  which  Involve  tracts,  shock,  and  vibration.  The  shelters 
must  withstand  the  shock  and  vibrations  as  Imposed  by  Cargo  aircraft, 
helicopters,  railroads  and  road  transportation.  In  railroad  humping 
at  9  miles  per  hour  approximately  30  g‘s  of  force  are  imparted  to  the 
test  Item.  In  18  Inch  flat  end  rotational  drops  recordlnas  of  25  to 
40  g's  have  been  established  for  payloads  In  the  5000  pound  range. 

These  tests  all  simulate,  as  closely  as  possible,  the  conditions  ex¬ 
pected  to  be  encountered.  Vibration  and  shock  criteria  applicable 
are  subject  to  moot  the  rigorous  standards  of  MIL-STO  810. 

There  are  other  practical  considerations  that  have  been 
introduced  in  the  shelter  design  field.  To  mention  a  few,  weight  and 
size  if*  kept  to  a  minimum,  air  tightness  Is  preserved,  moisture  resis¬ 
tance  is  required,  water  fording  must  be  accomplished  and  varying 
altitude  and  temperature  operations  must  be  Included  for  overall 
performance. 

These  requirements  are  Intended  to  show  the  high  quality 
design  and  components  needed  to  meet  all  the  specified  conditions 
found  In  numerous  shelter  specifications  today.  The  shelter  must 
•dept  to  these  loads  and  must  withstand  the  constant  abuse,  without 
structural  damage,  for  as  long  as  Its  predicted  life  span. 
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Mobility  aspects  for  these  shelters  must  fall  within  the  scope 
of  MIL-M-8090D.  This  specification  covers  four  types  of  general  re¬ 
quirements  for  the  mobility  of  military  vehicles,  each  type  being  sub¬ 
divided  Into  groups  according  to  the  running  gear  or  equipment  being 
procured. 

Type  I  -  Mobility  on  Improved  level  surfaces. 

Type  II  -  Mobility  over  partially  Improved  terrain. 

Type  III-  Mobility  over  highways  and  unimproved  terrain. 

Type  IV  -  Mobility  over  snow  and  Ice. 

In  general.  Type  I  mobility  specifies  5  to  7  1/2  mph  speeds; 

Type  II  specifies  20  to  *5  mph  speeds,  and  Type  III  specifies  50  to 
60  mph  speeds  on  level  paved  highways. 

4.  RELATIONSHIP  OF  SHELTER  VOLUMES,  LENGTHS,  AND  WEIGHT 

In  order  to  facilitate  determination  of  the  probable  weight  of 
a  shelter  for  a  given  length,  width,  and  height,  a  trial  and  error 
approach  was  Indicated.  The  results  of  many  curves  were  manipulated 
In  order  to  obtain  the  approximate  curves  represented  by  Fig.  1.  For 
the  approximation,  definite  shelter  weight  values  and  volumes  were 
known,  especially  those  at  the  extreme  ends  of  the  chart.  The  shelters 
under  consideration  were  those  that  have  been  manufactured  within  the 
last  three  years  and  Included  width  by  height  dimensions  that  ranged 
from  7  feet  by  7  feet  to  8  feet  x  8  feet.  The  lengths  of  the  units 
Included  those  from  12  feet  In  length  to  23  feet  in  length.  The  chart 
represents  bare  shelter  weights  with  Incorporated  plenums  mid  wiring. 
With  so  many  varying  characteristics  for  each  IndlvIAial  shelter,  such 
as  removable  panels,  number  of  open Ings, distribution  of  equipment  loads, 
size  variation,  etc.,  the  problem  of  plotting  such  variables,  with 
quantity  relationships  being  non-linear,  appeared  Impractical.  The 
curves  were,  therefore,  fitted  to  known  conditions  and  further  checked 
against  varying  volumes.  The  resulting  curve  does, In  effect,  represent 
a  good  approximation  of  weight  vs.  length  for  different  height  end 
width  combinations.  Flo.  1  basically  considers  present  dey  foamed 
shelters  with  structure!  wall  stiffener*  *n  Integra!  part  of  the  panels. 

The  accompanying  Table  B  gives  the  volumes  obtained  from  external 
dimensions  of  various  possible  shelter  sizes. 
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TABLE  B 


VOLUME  (cu.  ft.) 


Length _ 8»x8' _ 7.5'x7.S' _ 7'x7* 


12' 

763 

615 

588 

14' 

896 

788 

686 

16' 

1024 

900 

784 

18' 

1152 

1013 

882 

20' 

1280 

1125 

980 

22' 

1408 

1238 

1078 

As  an  example,  to  Illustrate  the  results  obtained  from  the  qraph  In 
Fig.  1,  a  7*x7‘xl2'  shelter  would  weigh  approximately  1390  lbs.  with 
a  total  volume  of  590  cu  feet.  Known  shelter  weights  of  the  Mobile 
Hlnq  facility  very  closely  approximate  these  values.  Again,  an  8'x8'xl2' 
shelter  would  weigh  approximately  1500  lbs  with  a  total  volume  of  770  cu 
feet.  The  weight  of  a  7.5’x7,5'xl2'  shelter  can  be  obtained  In  a  like 
manner  from  the  configuration  of  the  curves.  The  results  appear  adequate 
for  close  approximation  within  tolerable  limits  for  system  planning. 

The  chart  should  aid  In  determining  relative  shelter  weights  for 
sizes  under  consideration. 

For  an  accurate  and  coagriete  shelter  comparative  analysis,  some 
critical  observations  must  be  made  such  as;  what  are  the  load  carrying 
capacities  of  each  unit,  tdtat  is  Included  such  as  wiring,  plenums, 
jacks,  etc.  and  also  irftat  type  of  shielding  criteria  is  Involved.  Time 
did  not  permit  such  an  evaluation  an-  curves  for  honeycomb  construction 
are  also  not  Indicated  due  to  lack  of  deflnlta  Information. 
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SECTION  C 
SAM  (MICH  DESIGN 

1.  Introduction 

A  typical  design  at  Illustrated  In  Fiq  2  and  2A  Is  essentially 
composed  of  two  or  more  materials  oriented  and  distributed  In  such 
a  Banner  as  to  provide  a  structural  element.  The  core,  usually  a 
leu  density  material,  nay  be  honeycomb,  foam,  balsa,  etc.  faced  with 
skins  oade  of  Betals  or  plastics.  Since  most  wllltary  shelters  of 
sandhrich  design  are  faced  with  aluminum  skins,  the  discussions  are 
concerned  with  these  and  cores  of  honeycoab  and  polyurethane  foam 
only.  The  structural  performance  of  such  types  of  sandwiches  Is 
prlBSifiy  dependent  upon  the  ability  of  adhesives  to  secure  a  firm  bond 
between  skins  and  core.  The  choice  of  adhesives  used  should  take  Into 
consideration  the  application  to  which  It  Is  to  be  subjected.  Varylno 
environmental  and  nobility  conditions  such  as  those  generated  by  military 
needs.  Impose  severe  requirements  that  require  high  stable  balding  strengths. 
Quality  control  In  the  application  of  adhesives  requires  strict  adherence 
to  the  rules  of  cleanliness.  Metallic  surfaces  to  which  bonding  takes 
Pleco  should  be  thoroughly  cleaned  and  surfaces  adequately  prepared  to 
Insure  no  entrapment  of  contaminants.  In  the  use  of  honeyowb.  as  opposed 
to  poured  foam  chemistry,  the  honeycomb  cores  MUST  be  accurately  amchlned 
to  within  several  thousandths  of  an  Inch.  The  machining  process  wst 
be  clean  to  avoid  enabling  or  shredding  of  the  honeycoab  edge  which 
accepts  the  adhesive.  This  control  over  sized  honeycoab  must  be  main¬ 
tained  to  insure  complete  surface  bond  to  eliminate  possibility  of 
having  areas  of  unbonded  surfaces  which  affect  the  Integrity  of  the 
tandneh.  Fig.  3  Illustrates  good  bonding  practice  versus  a  poor  bonding 
condition.  Phenolic  Impregnated  Kraft  honeycoab  Is  more  economical  than 
foam  i dwn  bought  as  a  basic  matarlal.  This  fact  aay  be  offset, however, 
by  production  technique  requirements. 

In  general,  the  sandwich  element  provldt*  a  high  strength  to  weight 
ratio  structure  that  has  many  uses  for  many  applications.  The  strength 
of  these  sandwiches  can  be  efficiently  Increased  by  increasing  core 
density  (cell  Silt  or  foam  fonwlatlon),  increasing  surface  skin  thick- 
mess,  sandwich  thickness  or  any  coablnatlon  of  core  «id  skin.  The  choice 
to  devolop  strengths  desired  is  prlemrlly  one  of  design. 

Existing  shelter  structures  in  the  field  today  have  more  or  less 
standardized  on  material  dimensions.  The  dimensions  and  thicknesses 
predominantly  used  have  been  optimized  through  design,  test,  and  usage. 

Cora  densltlts  of  2  to  4  pounds  per  cubic  foot  are  cook*,  with  floor 
and  roof  sections  utilizing  the  M#»r  densities.  Alumlmmi  ratalllc 
skins  art  generally  .032*  thick  and  the  sandwich  Is  approxlamtely 
2  to  2  1/2  Inches  wide.  Although  susceptible  to  puncture,  field  repairs 
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cm  fee  m&i  to  take  care  of  such  occurrences.  A  thinner  skin  would 
picture  acre  frequently  and  a  heavier  skin  would  add  to  overall 
weight.  Them  dimensional  criteria  have  been  established  and  used  t) 
acquire  tfe?  strengths  desired  and  maintain  the  lowest  possible  structure 
Ktsgkt.  No  significant  changes  In  reducing  the  present  weight  of  such 
structures bav* 'been  accomplished  In  the  last  10  years. 

a.  Comparative  Data*.  Foam  vs.  Honeycomb 

As  previously  mentioned,  two  of  the  chief  types  of  panel  con¬ 
struction  ised  In  building  lightweight  mobile  shelters  are  the  foam 
and  honeycomb  sandwich  designs.  Each  of  these  constructions  has  Its 
advantages  end  disadvantages  and  the  choice  depends  on  a  number  of 
factors,  namely 2 

(1)  Honeyc'Jtb  panels  are  usually  thicker  than  foam  panels  for 
similar  service. 

(2}  Honeycomb  panels  may  be  slightly  lighter,  but  this  ad¬ 
vantage  is  often  cancelled  when  each  Individual  cell  Is  filled  with 
shredded  foam  to  get  as  good  heat  transfer  values  as  the  foam  con¬ 
struction  permits. 

(3)  The  bond  between  the  metal  faces  and  the  core  of  a  honey¬ 
comb  panel  Is  assumed  heavier  since  the  cell  openings  adjacent  to  the 
skins  have  to  be  well  filled  with  adhesive,  as  Illustrated  In  Fig.  3, 
to  obtain  transfer  of  face  to  core  loads.  Impregnated  scrim  cloths 
are  used  to  effectively  get  a  good  bond.  This  adds  weight  and  cost. 

(4)  As  shelters  require  sections  of  Increased  strength  by 
virtue  of  localized  load  concentrations,  foam  panels  allow  the  use 
of  stiffening  members  for  this  purpose.  Honeycomb  panel  construction 
does  not  by  Itself  permit  strengthening  any  particular  location  to 
accommodate  a  concentrated  load.  See  Illustration  of  Fig.  4. 

(5)  Panels  of  shelters  are  extremely  vulnerable  to  surface 
damage.  In  foam  panels,  breaks  or  punctures  are  a  minor  event  as  the 
bay  section  Involved  can  be  easily  repaired  on  site.  Punctures  and 
breaks  In  honeycomb  panels  are  more  serious  and  If  allowed  to  progress, 
the  detrimental  result  Is  of  major  proportions,  fcice  moisture  1* 
admitted,  an  entire  panel  may  be  lost  and  the  use  of  the  shelter 

may  be  jeopardized  awaiting  panel  replacement.  These  effects  are 
shewn  In  Fig.  5. 
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could  become  significant.  Immediate  Insert  application  can  not  be 
made  In  the  field,  since  approximately  24  curing  hours  are  required 
to  attain  full  strength. 

b.  Panel  Restraints 

Basically  there  are  certain  limitations  In  the  design  of  panels 
that  deserve  significant  recognition,  general  overall  shelter  criteria 
call  for  lightweight  structure  design  that  Implies  use  of  lightweight 
panels.  This  criteria  predicts  limitations  to  ^e  ruggedness  of  a 
panel  and  limits  the  structural  strength  of  panels.  Sandwich  con¬ 
struction,  as  known  today,  offers  high  strength  to  weight  ratio  designs 
that  allow  for  minimal  structures  weight  to  meet  critical  end  usage 
requirements.  It  1$  readily  noted  that  an  Increase  In  weight  of  panels 
by  virtue  of  Increase  In  core  density  or  an  Increase  In  thickness  of 
the  panel  or  skins  would  Increase  both  the  r jggedncss  of  the  panel 
and  Its  structural  capability.  As  time  progressed,  and  developments 
produced  the  first  sandwich  constructed  shelters,  an  average  wall 
thickness  and  skin  gage  dimensions  oecaae  more  or  less  established. 

These  optimum  dimensions  were  directly  related  In  response  to  providing 
a  structural  capability,  low  coefflclr  t  of  heat  transmission,  and 
lightweight  characteristics  to  suit  the  military  neods. 

As  a  matter  of  Interest,  It  should  oe  pointed  out  that  a  basic 
limitation  In  regard  to  honeycomb  panels  should  nut  be  overlooked. 

Once  such  a  type  panel  Is  constructed  for  a  particular  load  and  weight 
distribution.  Its  overall  cimenslons  and  might  are  therefore  fixed. 
Then  for  a  family  of  such  mlts,  a  load  carrying  capacity  should  be 
established  for  the  design  load  anti  any  other  lower  loads.  With  In¬ 
serts  that  can  be  Installed  at  any  time,  shelters  can  be  manufactured 
prior  to  actual  knowledge  of  layout.  However,  once  heavier  loads  are 
Introduced  other  than  that  which  the  panels  have  been  designed  for*  a 
problem  would.  In  effect,  exist.  Thicker  cores  and  heavier  skin  sur¬ 
faces  would  be  required  to  adapt  to  the  Increased  load.  Honeycomb 
panels  Imply  that  core  thicknesses  and  skin  surfaces  would  very  with 
varying  bad  conditions.  Increasing  shelter  weight  accordingly.  If 
a  standard  shelter  had  to  be  designed  to  meet  the  highest  load  carrying 
capacity  requirement  of  statistically  determined  weights.  It  would 
necessarily  be  of  thicker  wells  and  probably  weigh  more  when  com¬ 
pared  to  available  foam  shelters. 

c.  Response  to  Vibration  end  Shock 

(1)  Vibration:  This  section  deals  with  perhaps  the  first  known 
test  of  Its  kind  performed  on  a  complete  equipment  Installed  shelter. 

The  shelter  In  question  Is  tha  Image  Interpretation  Central,  commonly 
referred  to  as  the  IIC  and  developed  under  an  RAOC  sponsored  contract. 
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The  shelter,  of  foem-ln-place  construction,  was  subjected  to  a  vibration 
criteria  of  IS  to  55  cycles  per  second  through  a  total  excursion  of  0.015 
Indies  double  amplitude.  The  scan  from  15  to  55  to  15  cps  was  accomplished 
In  a  period  of  80  seconds,  the  cycling  being  continued  for  a  total  time 
of  45  sHnutes.  The  vibration  fixture  was  mounted  to  the  vibration  equip¬ 
ment  In  the  vertical  axis  as  shown  In  Fig.  7.  Vibration  pickups  were 
located  at  various  points  for  all  tests  performed.  The  vertical,  lonal- 
tudlnal,  and  lateral  planes  were  all  subjected  to  the  vibrational  Inputs 
as  Indicated.  The  severity  of  this  test  did  not  affect  the  shelter  but 
Indicated  a  multitude  of  equipment  design  deficiencies  which  had  to  be 
subsequently  corrected.  Oata  such  as  this  Indicated  the  shelter  per¬ 
formance  and  Its  high  grade  of  stability  under  vibrational  forces. 

(2)  Shock:  Shock  Inputs  to  a  shelter,  by  virtue  of  railroad 
humping.  Inposes  approximately  a  30g  load  upon  Impact  and  the 
road  tests  provide  further  Information  as  to  tynes  of  shock  and  forces 
that  are  Imparted  to  shelters.  These  forces  oenerally  reach  maximum 
crests  of  approximately  24  g's. 

It  1$  well  to  point  out  that  honeycomb  shelters  are  not  known 
to  have  been  subjected  to  these  types  of  abuses. 

d.  Quality  Control 

The  basic  objective  of  a  quality  control  program  Is  to  Insure 
a  degree  of  quality  which  Is  consistent  with  Intended  requirements  of 
the  user.  The  aspect  of  quality  control  Is  more  significant  In  honey¬ 
comb  than  In  foam. 

(1)  Honeycomb:  To  Insure  uniform  quality  In  honeycomb  cores. 

It  Is  liqiortant  that  the  raw  Kraft  paper  used  In  their  construction  be 
of  uniform  quality.  This  material  must  beet  rigid  standards  as  the 
finished  product  Is  so  largely  dependent  upon  the  uniformity  of  Its 
principal  material  paper.  A  close  quality  control  system  where  each 
batch  of  paper  received  Is  sampled,  tested,  and  properly  stored  and 
conditioned.  Is  necessary.  There  are  a  number  of  physical  tests  which 
can  be  made  as  the  stock  Is  received  to  determine  If  a  vendor  Is  meeting 
specification  requirements.  These  tests  should  perhaps  include  the 
following  In  the  physical  category. 

(a)  Conditioning  Paper:  (AST*  Designation  D685-44)  -  The 
strength  and  dimensions  of  Kraft  papers  vary  considerably  with  the  amount 
of  moisture  content  they  contain.  It  Is,  therefore,  necessary  that  the 
untreated  paper  be  conditioned  prior  to  both  testing  and  treatment. 

This  Is  accomplished  In  conditioning  chambers,  where  both  tam>eratures 
and  relative  humidity  can  be  accurately  controlled.  Here  the  pacer  Is 
held  until  an  equilibrium  condition  Is  reached  before  testing  or  using 
the  material. 


(b)  Taper  Thickness  Test  (ASTM  0645-58T,  Method  0): 

The  uniformity  of  thickness  In  papers  Is  very  1  portent  In  honeyconfc 
core  manufacture  since  the  strength  property  Is  Involved.  Loss  of 
required  thickness  can  tietken  a  section  considerably.  The  test  Is 
accomplished  by  use  of  a  special  type  of  paper  mlcroMter  employing 
Mali  special  discs  with  tension  control  so  as  not  to  compress  the 
paper  to  any  appreciable  extent  In  taking  measurements. 

(c)  The  Atllen  ur  Bursting  Strength  of  Paper  Test  (AST* 
Designation  D/74-46):  This  single  test  gives  wore  Information  on  the 
physical  characteristics  of  paper  than  any  other  Individual  test.  It 
will  show  the  strength  required  to  puncture  paper  In  pounds  per  square 
Inch,  the  na chlhe  and  cross-Mdilne  direction  of  nenufacture,  fibre 
direction  and  fibre  length.  The  test  Is  performed  In  a  special  In¬ 
strument  called  a  "Mullen  Tester"  which  My  be  either  hand  operated 
or  motor  driven.  It  essentially  consists  of  a  two  plate  clamping 
fixture,  a  rubber  dlapbngu  which  Is  actuated  hydraulically  against  the 
paper  over  a  1  square  Inch  area  until  the  paper  ruptures.  A  gauge  In 
the  hyraullc  line  Matures  the  force  In  pounds  at  which  the  paper 
bursts.  Examination  of  the  ruptured  test  specimen  reveals  the  other 
Information  listed  above. 

(d)  The  Scott  tensile  Test  (AST*  Designation  D828-48) : 

This  test  determines  the  tensile  strength  of  paper.  Tests  are  Mde 

In  both  the  m chine  direction  and  cross -MChlne  direction  on  strips  of 
paper  1  ft  Indies  to  2  inches  wide.  The  specimens  are  clamped  In  jaws 
so  that  the  length  of  paper  between  them  Is  at  least  5  times  the  width 
but  no  greater  than  IS  times  the  width.  The  Scott  or  similar  testers 
separate  the  jews  at  a  constant  rate  of  speed  end  record  the  force 
necessary  to  break  the  paper  In  pounds.  Indicated  on  a  dial  arrangement. 

(e)  The  Elmendorf  Tearing  Strength  Test  (ASTM  Designation 
0681-44):  The  Elmendorf  tester  determines  the  tearing  strength  of 
paper.  This  Instrument  measures  the  tearing  strength  of  paper  as 
force  In  gr«M  to  tear  the  paper  In  cither  the  Mchlne  or  cross-Mchlne 
direction  over  a  predetermined  distance.  The  device  Is  supplied  with 

a  cutter  to  start  the  tear,  a  smII  paper  cutting  board  with  knife  and 
a  spacer  block  to  obtain  the  correct  specimen  size.  Tables  are  pro¬ 
vided  In  order  to  calculate  the  force  In  grmm  from  the  reading  obtained 
on  the  Instrument  scale. 

Infonmtlon  on  paper  testing  apparatus  may  be  made  available 
from  the  Howe  and  Funch  Company. 

ihese  tests  art  Indicated  to  acquaint  the  reader  ^  'th 
standards  used  In  the  paper  Industry.  Inherently,  the  toler*.  s  and 
controls  Involved  In  honaycffc  manufacture  for  attainment  of  a  goon 
quality  product  are  critical. 
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b.  Foam:  In  quality  control  for  foams,  the  foam  Material  Is 
generally  checked  for  chemical  composition  and  so  forked  for  maximum 
storage  time.  Saaple  pours  are  tested  for  cell  structure  and  compression 
strenqth.  During  foaming,  mold  temperatures  and  pressures  are  care¬ 
fully  monitored. 


«.  Noise  Transmission  Characteristics 

Transmission  loss  characteristics  of  sandwich  or  foam  core 
liqfttMelglit  panels  are  not  easily  determinable  nor  simple.  There 
Is  also  wry  little  literature  available  for  information  In  the  area 
e?  acoustical  daw  related  tc  this  type  of  structure.  The  noise  reduction 
field  Is  however  rigorously  treated  In  many  texts  on  rdst  ether  types 
of  panels.  It  Is  not  the  Intent  herein  to  elaborate  on  all  the  analytical 
parameters  Involved,  but  due  to  the  tisic  similarity  of  honeyccub  and 
lean  panels  a  slqsle  discussion  Is  offered  to  show  an  apparent  trans¬ 
mission  loss  relationship. 

The  transmission  loss  characteristics  for  these  specific  types 
ot  panels  are  not  simple  since  the  coincidence  frequency  (f  )  may  occur 
If  th  audible  bends.  In  the  "Noise  Reduction"  text  by  Berinek,  page 
M t,  the  critical  frequency  (lowest  frequency  at  which  wave  coincidence 
r  eties)  is  shown  by  the  approximate  formula 


C  «  speed  of  sound  in  air  In  feet  per  second 


d  *  centcr-to-center  spaclnq  of  surface  sheets  In  feet 


Nj*  total  surface  mass  of  panel  Includlno  the  core  In  slugs 
tier  square  feet 


t  *  thickness  of  one  surface  sheet  In  feet 


£  »  Youngs  Modulus  for  the  surface  sheet  material  In  pounds 
per  square  feet 


For  a  given  panel  of  2.5  Inch  thickness  with  aluminum  skins  of 
32  mils  thickness  and  assuming  a  honeycomb  or  foaa  core  of  2  pounds  per 
cubic  foot  density,  both  structural  elanents  behave  as  a  single  panel 
above  their  critical  frequencies.  The  calculation  below  In  accordance 
with  the  given  equation  for  fc  yields  approximately  123  qn  and  is 
applicable  to  both  types  of  panels. 


c2  /  2*$ 

mrd  v  gr 


where: 


d  •  2.5  In  «  0.208  ft. 


t  •  0.C32  la  •  0.002V  ft. 
c  -  1128  ft/iec 

£  •  10,000,030  Ib/io2  -  1 ,440,000,000  I/Ft2 
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Ms  Is  derived  as  follows: 

For  Aluminum  Skins  (density  -  .101  pounds  per  cubic  Inch) 
2  x  .032  In  x  144  In2  x  O.lOlJb 
<V  *  - - “3?.T  ftTsec2 - 


(2)  (.032)  (144)  (.101)  .  ft  lb-se£* 

“  - Tarrrj  rnw~ 

or  0.14  slugs/ft2 

0012  lb  x  2.5  In  x  144  In* 

rn^~ 

\  * - 32.2  ft/sec2 - 

U0012){2. 5)(1*4)  . lb-sec2 

.  ^ *  0.0134  ~~ftS — 

or  0.C134  slugs/ft2 


Therefore  *  *S*  +  *C 

-  0.14  ♦  0.0134 

-  0.1534  slugs/ft2 


Mow 

(1 128)2  /  (2)  (0.1534)  7" 

fc  •  (Tirr^TTOWT  v  (i).(s»7’j  tr;«xi#} 

-  (960,000) (0.000281) 

■  123  cps 

This  low  value  for  (fc)  indicates  that  reduced  transmission  loss 
will  hold  through  the  speech  bend  (500,1000,2000  eps  Octaves).  The  effect 
of  this  reduced  performance  ?s  a  sound  barrier  Is  Illustrated  on  page 
287,  Beranek,  “Mclse  Reduction*.  In  the  region  above  (fc)  ,  dapping  Is 
a  major  contributor  to  any  transmission  loss.  Control  of  the  dapping 
characteristics  of  foam  materials  has  been  readily  achieved  by  variations 
in  composition. 
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The  plotted  date  as  show  In  Fig.  8  ms  taken  with  a  GR-1558- 
AP  Octave  band  analyzer.  The  luw  and  uneven  losses  were  anticipated 
for  such  a  lightweight  and  Irregular  structure  (e.g. ,  many  brackets, 
channels,  etc.).  The  curve  given  for  honeycomb  panels  appears  to 
be  In  error  and  Is,  In  light  of  the  uniform  3db  per  octave  slope, 
probably  somewhat  Imaginative.  (See  note  below) 

It  e-.,  be  concluded  that,  with  all  available  data,  the  foam 
panel  may  be  designed  to  be  more  efficient  as  a  sound  barrier,  but  not 
to  the  extent  of  having  high  superiority.  The  lack  of  Information  In 
this  area  Is  consistent  with  shelter  manufacturers 1  reluctance  to 
submit  definitive  data. 

The  recorded  data  for  a  foam  type  panel  Is  indicated  below: 


Octave 

Band  Reading  Reading 


The  NR  obtained  Is  equivalent  to  transmission  loss  since 
special  Integration  at  close  proximity  to  the  panel  was  used  for  all 
reading. 

NOTE:  It  should  be  understood  that  the  curve  *s  plotted  In  figure  8 
should  not  be  compared  for  evaluctlon,  since  the  upper  honeycomb  curve 
is  the  only  representative  data  available,  and  as  stated  before.  Is 
erroneous.  It  is  quite  possible  that  It  would  fall  below  or  close  to 
the  foam  type  curve.  The  Illustration  suggests  only  what  may  be  expected 
In  current  data. 


2.  Core  Properties 

a.  Hu'eycorti :  Honeycomb  cores  designed  for  shelter  structures 
are  phenolic  resin  impregnated  Kraft  paper  base  materials,  The  weloht 
of  the  paper  and  the  resin  content  may  vary  depending  on  whether  the 
panels  are  for  the  floor*  roof,  sides,  ends,  or  doors  of  the  shelter. 

In  general  *  there  art  two  types  or  gra  fts  of  treated  core  mat-trial  used 
the  60  pound  and  *h%  125  pound  paper,  each  of  which  may  be  Impregnated 
with  phenolic  rei.n  contents  of  10-12%  or  18-20% .  Most  panels  utilize 
tn@  Mgher  resin  content  for  the  floor  and  roof  panels  with  the  heavier 
base  paper,  while  the  vertical  panels  may  be  either,  deoendlne  unon  the 
strength  requirements  and  the  weloht  limitations  of  the  shelter. 

Honeycomb  core  material  combines  strength,  stiffness  and 
Insulating  properties  in  a  lightweight  structure. 

For  property  data,  see  Table  C.  (Values  shown  are  subject 
to  variance  as  literature  Is  not  consistent.) 
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TABLE  C 

PROPERTIES  OF  HONEYCOMB  CORES 


Material: 

Density,  Ibs/cu.ft. 

Compression  Strength,  psl)  OXR.H. 

)  50XR.H. 
)100XR.H. 

Shear  Strength,  psl  (TL  plan)  OXR.H. 

)  50XR.H. 
)1Q0XR.H. 

Strength,  psl  (TW  plan)  OXR.H. 

)  50XR.H. 
)100XR.H. 

Heat  transfer,  K  Factor) 
3tu/hr/sq.ft./F°/1n) 

For  2"  thick) 

1/2"  empty  cells) 

1/2"  foam  filled  cells) 
Transmission  Loss  (db) 

Frequency  (CPS) 

II 

II 

II 

Cell  Sizes  (1/4,  3/8,  1/2, 

REF:  Alrcomb  Test 


60#-20  Type  30 

125#-35  Type  20 

2.1 

3.6 

150 

460 

120 

340 

36 

90 

75 

205 

70 

192 

21 

74 

40 

120 

375 

113 

11 

34 

.20-. 28 
.12-. 17 

100  -  12.5 

200  -  15.5 

500  -  19.5 

1000  -  22.5 
3/4  and  1  Inch) 

Tech  Data;  Zero  Mfg.  Co. 
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(b)  Foam:  Foam  com  designed  for  panels  used  In  shelter 
structures  are  a  relatively  new  and  versatile  class  of  chemical 
compounds  known  as  the  polyurethanes.  Both  rigid  and  flexible  plastic 
foam  are  available.  The  foamed  In  place  construction  Is  usually  of  the 
polyuther  Isocyanate  rigid  expandable  plastic  foam.  The  combination  of 
properties  of  urethane  tarns  makes  an  Ideal  construction  material  for 
shelter  panels.  The  material  Is  lightweight,  stable,  has  excellent 
thermal  Insulation,  Is  a  fairly  good  adhesive  and  where  structural 
strength  Is  of  Importance,  the  higher  range  of  densities  may  be  used. 

Panels  are  constructed  by: 

(el  Pour  filling  (foaming)  the  cavity  formed  by  the  face 
sheets  (skins)  end  the  supporting  frame.  Experience  In  the  pre- 
treafemmt  of  the  metal  parts  and  the  fabrication  techniques  of  venting, 
foaming  control,  pouring  and  stop  curing  have  made  It  possible  to  foam 
fill  the  largest  type  panels  within  the  state-of-the-art  today. 

(b)  Cutting  slabs  of  rigid' foam  to  the  proper  thickness, 
size,  and  shape.  Then  an  epoxy  atfteslve  coating  Is  metered  and  sprayed 
onto  the  surfaces  of  the  metal  and  foam  to  be  joined.  Finally,  cured 
under  pressure,  the  aluminum  face  sheets,  supporting  members,  thermal 
barriers  and  frame  are  bonded  Into  a  light,  rigid,  flat  and  smooth 
surfaced  panel.  Foam  densities  from  2  pounds  to  10  pounds  per  cubic 
foot  are  used,  sometimes  In  the  same  shelter,  depending  upon  the  re¬ 
quirements  of  the  function,  weight,  location,  etc.  of  the  various  panels. 

See  property  data  Table  0. 
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TABLE  D 


PROPERTIES  OF  FOAM  CORES 


Material:  Polyether  -  Isocyanate  carbon  dioxide  expanded 


Machine 

Mix 

Slab 

Stock 

Density,  Ibs/cu.ft. 

2.0 

4.0 

2.0 

4.0 

Tensile  Strength,  psl 

46 

80 

54 

94 

Compression  Strength,  psl 

10*  deflection  at  R.T. 

30 

122 

34 

137 

Shear  Strength,  psl 

28 

52 

Moisture  Absorption,  Ifcs/sq.ft. 

.078 

.067 

.07 

.06 

Heat  Transfer,  K  factor 

Btu/hr/sq.ft./FVIn 

.120 

.220 

.136 

.2*0 

Stability,  20  cycles 

Excellent-constant  dimensions 

1  cycle  -  16  hrs  at  100*F,  100%R.H./2hrs  at 

15*F/6  hrs  at  R.T. 

X  Closed  Cells 

92 

90 

90 

89.7 

Sound  Absorption,  NRC 

.60-. 70 

.80-. 90 

.55- 

.65  .75- 

m 


Ref:  Craig  Systems,  Inc, 
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0.  GENERAL  COMMENTS  AND  CONCLUSIONS 


Basically,  fo am  type  shelters  have  been  tried  and  tested  so  that 
perfdrwance  can  be  predicted  with  reasonable  assurance  of  meetlnq  present 
o*y  criteria.  The  thermal  conductivity  or  K  factors  for  many  formulations 
of  the  polyurethane  foams  Is  equal  or  lower  than  the  K  factor  for  mineral 
wool-glass  or  rock  (0.27),  cotton  fibre  batt  (0.26),  wood  fibre  (0.25),  or 
masonite  (0.33).  Thus  the  advantages  of  good  Insulating  properties, 
low  density,  cortrined  with  high  load  carrying  caoaclty,  and  ability  to 
be  foamed  In  place  make  polyurethane  foams  an  Ideal  material  for  sand¬ 
wich  core  application.  These  structures  have  been  efficiently  used  and 
nave  been  built  to  all  sizes  ranging  from  8  feet  In  length  to  23  feet 
In  length.  The  general  height  and  width  have  been  restricted  to  8  feet 
for  accommodation  Into  cargo  aircraft. 

Honeycomb  type  shelters  tere  procured  In  the  past  on  a  limited  basis 
and  at  that  time  were  observed  to  possess  Inherent  deficiencies.  Failures 
of  facings  near  edges  where  concentrated  loads  were  present  often  appeared. 
More  often,  the  presence  of  moisture  within  panels  was  noticeable  throuoh 
Increased  shelter  weight  and  panel  tests.  Admission  of  moisture  Into 
honeycomb  panels  mast  be  prevented.  Care  and  good  design  should  be  in- 
corporated  In  the  fabrication  of  edge  members  or  the  weight  advantaqe 
gained  through  use  of  sanArich  construction  may  be  lost.  Subjection 
of  these  shelters  to  the  various  critical  environments  through 
a  time  span,  cannot  be  over  emphasized,  since  time  Involved  in  operational 
use  Is  still  the  best  Index  of  the  quality  of  a  honeycomb  shelter.  As  a 
result  of  the  return  trend  to  honeycomb.  It  Is  becomlno  Increasingly  slq- 

il*?*  the**  of  Alters  should  undergo  complete  structural  and 
climatic  tests.  It  Is  recoanended  that  tests  be  conducted  and  the  be¬ 
havior  of  these  units  be  observed  and  recorded  so  that  In  the  event  of  a 
recurrence  of  old  moisture  problems,  an  unnecessary  large  shelter  In¬ 
ventory  need  not  be  Involved.  If  new  techniques  and  materials  do  solve 
the  old  problems,  the  competition  Is  welcomed,  which  may  Insure  some  new 
Innovations  In  design. 


The  higher  rigidity  of  honeycomb  panels  over  foamed  panels,  considered 
an  advantage.  Is  offset  In  a  completed  shelter  since  foam  constructed 
panels  In  a  shelter  offer  better  shock  absorbing  characteristics,  better 
thermal  properties,  as  well  as  slightly  better  noise  absorption  character! s- 


Your  attention  Is  Invited  to  the  appendix  of  this  report  where  recent 
information  discloses  long  standing  honeycomb  problems  In  aircraft,  and 
the  approach  used  In  containing  these  problems.  It  Is  also  Important 
that  one  recognizes  the  level  or  deqree  of  quality  required  for  aircraft 
as  compared  to  that  required  for  she  I  ter j. 


* 


*  Heating,  ventilating  and  air  conditioning  guide  1956  Vo!.  34  pp  17U172. 


34 


APPENDIX 


Control  of  Water  Entrapment 
in  C-141  Honeycomb  Panels 

by  L.  A.  Wilson,  Supervisor,  Quality  Engineering  and  L.  E.  Meade,  Manager, 
Composite  Structures  Program  (condensed) 

WATER  ENTRY  Is  one  of  the  Inherent  problems  encountered  by  the  entire 
Industry  In  the  use  of  honeycomb.  During  the  Initial  years  ov  honey¬ 
comb  use  In  the  aircraft  field,  water  was  generally  overlooked  until 
visible  external  damage  was  observed.  As  a  result,  the  airlines— for 
example— have  a  mandatory  maintenance  program  of  water-entrapment- 
caused  repair  or  replacement.  The  airlines  have  continually  monitored 
for  face  sheet  delamination,  core  damage,  and  corrosion  with  subsequent 
repairs  using  fasteners  or  heat  for  baking  water  out.  This  activity  has 
prevented  any  known  accidents  due  to  water  entry. 

Lockheed-Georgla  extensively  reviewed  approaches  to  water  entry 
control  as  employed  In  the  Industry.  It  was  obvious  that  more  advanced 
procedures  than  those  currently  In  use  were  required.  One  of  cur  first 
steps  was  to  disregard  the  assumption  that  a  honeycomb  sandwich  panel  Is 
sealed  by  Its  adhesive  along  the  bond  line.  Use  of  new  specifications 
governing  the  overall  process  of  bonding  and  sealing  honeycomb  sandwich 
and  Increased  testing,  we  believe,  has  made  the  honeycomb  structures  on 
the  C-141  the  most  water  resistant  of  an y  currently  In  use. 

IMPROVEMENT  IN  WATER  ENTRY  CONTROL  has  been  noticeable  through  the  radio- 
graphic  monitoring  of  C-141  aircraft  by  Lockheed-Reorgl a  Duality  Assurance. 
This  Is  particularly  significant  since  the  C-141  has  more  honeycomb 
structure  than  any  aircraft  flying,  and  we  regard  In-service  monltorlnq 
as  very  Important. 

By  means  of  laboratory  and  field  testing,  lockheed-feorgla  has  found 
that  water  can  enter  honeycoab  panels  by  three  major  methods. 

DAMAGE -The  first  and  most  obvious  occurs  when  the  honeyconb  sandwich 
has  been  damaged  by  being  overstressed  or  crushed  or  punctured,  or 
by  having  fasteners  replaced  without  resealing  or  by  unintentionally 
scraping  off  the  sealant.  This  type  of  problem  must  be  controlled 
In  the  field. 


. 
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MATCH  ENTRY  SHOULD  BE  REGARDED  AS  SOMETHING  TO  CONTROL  AND  NOT  TO.  RATE 

BREATHING-Honeycomfe  core,  because  It  is  sealed,  contains  atmospheric 
pressure  and  can  cause  some  blow-out  of  sealant  damage.  Afterwards,  at 
ground  level,  the  reduced  pressure  in  the  sandwich  causes  moisture-laden 
ambient  air  to  enter.  This  occurs  on  a  cyclic  basis.  An  added  worry  is 
having  enough  moisture  accumulate  to  cause  core  damaoe  by  freezing  when 
returning  to  high  altitudes.  The  C-14T  minimizes  this  nroblem  bv  the 
use  of  non-nerforated  core,  with  no  Intercellular  connections. 

WICKINO-Due  to  the  use  of  fabric  carriers  in  the  adhesive  film,  some 
water  entry  has  been  found  oresent  only  in  the  center  of  the  nanels. 
These  isolated  cells  caused  much  consternation  until  the  wickino  prin¬ 
ciple  was  discovered.  Hater  can  enter  bv  capillary  action  (wickino) 
along  a  trimmed  edge  and  travel  along  a  carrier  fiber  or  strand  until 
It  reaches  a  point  where  the  adhesive  does  not  provide  an  entire  sheath¬ 
like  covering  of  the  fiber.  At  this  point  the  water  enters  the  cell 
(Figures  6  and  7).  All  trimmed  edges  of  panels  are  sealed  on  the  C-141 
to  eliminate  this  type  of  water  entry. 
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Locfcheed-Geergla  devoted  considerable  tine  to  monitoring  and  evaluating 
the  water  entry  rate  In  honeycomb  test  panels  In  order  to  have  the  ability 
to  determine  the  amounts  of  water  entrapped.  Obviously  the  rate  of  entry 
1$  variable,  depending  primarily  upon  such  factors  as  the  damage  and  the 
degree  of  exposure. 

The  effect  of  gross  amounts  of  water  can  be  detected  visually  or  by 
"coin"  tapping  the  honeycoet)  skin.  When  these  methods  reveal  water,  a 
repair  or  replacement  Is  usually  necessary  because  the  panel  has  de- 
lamination  In  that  area  (Figure  8).  We  do  not  recommend  waiting  until 
this  occurs,  but  prefer  to  Incorporate  preventive  measures. 


FIGURE  8 
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1.  Drill  #40  holes  Into  cavity  containing  water  and  drain  water  as 
thoroughly  as  possible. 

2.  Remove  remaining  moist  we  by  htatinq  to  150  *1G*F  for  6-12  ^>\sn . 
A  vacuum  may  be  used  to  aid  drying,  provided' ca^e  Is  t^ken  not 

to  collapse  core,  lorn  (tensity  core  (2.J  to  3.*  1b$/ft-i  ’•squires 
control  of  vacuum  to  10  In  Hg  maximum. 

3.  Use  radiographic  Inspection  to  determine  extent  of  moisture  re¬ 
moval. 

4.  Rebake  If  moisture  Is  st^ll  preseat  and  re-examin*. 

5.  Repair  holes  with  rivets  dipped  In  MIV-S-8802  sealant  and  seal 
panel  In  accordance  with  directions  In  T.0.1C-141A-3,  paying 
particular  attention  to  resealing  the  assembly  In  the  aret{s) 
of  initial  moisture  entry. 

.REPAIR  OF  DAMAGED  AREAS 

If  damage  to  bonds  and/or  core  results  from  the  freezing  of  liquid, 
damage  should  be  repaired  as  prescribeo  by  T.O.  1C-141A  3.  Repairs 
can  only  be  made  after  water  has  been  removed. 


MOST  LOOIC8.  TIPC  TO  DETECT  MATER  entrapment  Is  before  core  damage  or 
delawf  nation  can  occur.  To  detect  water  er-trapwnt  at  this  stac**  Lock¬ 
heed  uses  and  recommends  X-ray  methods.  Although  new  methods  for*  water 
detection  ere  continually  being  evaluated,  radiographic  methods  continue 
to  remain  the  best  means. 


Due  to  the  possibility  of  core  damage,  panel  delamlnation,  and 
corrosion,  meter  entry  should  be  regarded  ss  something  to  control  and 
mot  to  tolerate.  When  entranced  water  Is  present,  steps  should  be 
taken  to  remove  It  prior  to  damage.  Water  cm  not  be  allowed  to 
accumulate  In  the  honeyeonfr  panels  of  control  surfaces  even  though 
within  theoretical  wight  unbalance  tolerances, 


REPAIR.  The  best  way  to  remove  the  water  is  to  c»t  It  out  the  same 
It  got  In,  but  In  w*  accelerated  manner.  To  do  this,  heat  Is  usually 
employed  with  some  enlarged  exit  path  provided.  After  this  Is  dons, 
resealing  Is  performed  with  exacting  techniques.  The  recommended  methods 
and  techniques  for  repair  of  Lock heed -Georgia  panels  have  been  designated 
In  T.O.  1C-141A-3.  The  general  manual  removal  methods  are  summarised  as 
follows: 


.MATER  REMOVAL  PROCEDURE 


Once  the  presence  of  water  has  been  established: 
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CONCLUSIONS 

The  Inescnoable  fact  Is  that  honeycomb  sandwich  Is  the  best  material  pre¬ 
sently  In  use  for  providing  the  necessary  weight -to-strength  ratios  re¬ 
quired  for  modern  cargo  aircraft.  The  C-141  uses  more  honeycomb  struc¬ 
ture  than  any  aircraft  presently  in  service— over  600  individual  panels 
representing  approximately  6000  square  feet  of  area. 

Although  water  entry  has  been  significantly  reduced,  it  may  still 
occasionally  occur  doe  to  damage,  the  nature  of  honeycomb  construction 
anc  use,  as  well  as  the  effect  of  atmospheric  pressure.  Water  entry 
*ppfe<*r$  to  be  something  which  can  be  easily  controlled  but  should  never 
be  overlooked.  By  employing  a  system  of  preventive  control,  aircraft 
in  service  will  have  no  significant  problems  as  the  result  of  water 
entry.  Periodic  monitoring  by  X-ray  will  give  the  necessary  Information 
to  determine  whether  &ny  water  removal  cr  repair  may  be  necessary. 

tDoy  Lockheed  Aircraft  Corporation,  1966,  and  reprinted  by 

Lockheed  permission." 
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1J.  ABSTRACT 

The  need  for  shelters  today  Is  quite  apparent  as  one  considers  the 
complexity  of  systems  requirements  in  the  field  of  communication,  data  processing, 
and  reconnaissance  and  Intelligence.  Reid  use  of  each  units  require  exceptional 
strength  while  possessing  optimum  lightweight  characteristics.  Sandwich  con¬ 
struction  offers  these  characteristics.  The  cownon  cores  presently  in  use  are 
paper  honeycomb  and  modified  polyurethane  foams.  Both  types  of  cores  are  in 
use  and  both  types  of  construction  exhibit  some  poor  qualities  that  are  in¬ 
herent  in  each.  The  author  wishes  to  point  out  design  deficiencies  that  should 
be  of  concern  to  those  Interested  In  details  of  such  type  construction.  The 
best  criteria  of  shelter  evaluation  Is  an  established  test  program  followed  by 
visual  observations  after  field  usage  relative  to  operating  time. 
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